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INPUT OUTPUT DEVICE FOR
MIXED-VOLTAGE TOLERANT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/970,267, filed on Sep. 6, 2007.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to an input output device, and more
particularly to an input output device for mixed-voltage tol-
erant.

2. Description of the Related Art

With the development of technology, integrated circuits
(ICs) are widely used electronic products. Each of the ICs
comprises a large amount of transistors. To reduce the size
and power consumption of the ICs, the thickness of the gate
ox1ide of the transistors must been reduced. However, periph-
eral devices still require higher voltage (such as 5V). Thus, 1
transistors comprising the thin gate oxide receive the higher
voltage, the gate oxide reliability of the transistors will not be
maintained.

BRIEF SUMMARY OF THE INVENTION

Input cells are provided. An exemplary embodiment of an
input cell coupled to a pad comprises an output stage and a
voltage level converter. The output stage comprises a first
transistor and a second transistor connected to the first tran-
sistor 1n serial between a first supply voltage and a second
supply voltage. The voltage level converter generates a first
gate voltage to the first transistor according to the first voltage
and a data signal. Wherein when the first supply voltage 1s
increased, the first gate voltage 1s increased. When the data
signal 1s at a high level, the first transistor 1s turned on.

Output cells are also provided. An exemplary embodiment
of an output cell coupled between a pad and a core circuit
comprises a pull unit and a first N-type transistor. The pull
unit 1s coupled to a node and receives an operation voltage.
The first N-type transistor comprises a gate coupled to the
pad, a source recewving a grounding voltage, and a drain
coupled to the node.

Input output devices are also provided. An exemplary
embodiment of an input output device coupled between a core
circuit and a pad comprises an output cell, an input cell, and
a pre-driver. The output cell comprises an output stage and a
voltage level converter. The output stage comprises a first
transistor and a second transistor. The first transistor connects
to the second transistor 1in serial between a first supply voltage
and a second supply voltage. The voltage level converter
generates a first gate voltage to the first transistor according to
the first voltage and a data signal. When the first supply
voltage 1s increased, the first gate voltage 1s increased. When
the data signal 1s at a high level, the first transistor 1s turned on.
The 1nput cell comprises a pull unit and a first N-type tran-
sistor. The pull unit 1s coupled to a node and receives an
operation voltage. The first N-type transistor comprises a gate
coupled to the pad, a source recerving a grounding voltage,
and a drain coupled to the node. The pre-driver turns oif the
first and the second transistors.

A detailed description 1s given in the following embodi-
ments with reference to the accompanying drawings.
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2
BRIEF DESCRIPTION OF THE DRAWINGS

The mvention can be more fully understood by referring to
the following detailed description and examples with refer-
ences made to the accompanying drawings, wherein:

FIG. 1 1s a schematic diagram of an exemplary embodi-
ment of an iput output device;

FIG. 2 1s a schematic diagram of an exemplary embodi-
ment of an output cell;

FIG. 3A 1s a schematic diagram of an exemplary embodi-
ment of an output stage;

FIG. 3B 1s a schematic diagram of another exemplary
embodiment of an output stage;

FIG. 4 1s a schematic diagram of an exemplary embodi-
ment of a floating well circuit;

FIG. 5 15 a schematic diagram of an exemplary embodi-
ment of a voltage level converter;

FIG. 6 1s a schematic diagram of an exemplary embodi-
ment of a pre-driver; and

FIG. 7 1s a schematic diagram of an exemplary embodi-
ment of an 1mput cell.

DETAILED DESCRIPTION OF THE INVENTION

The following description 1s of the best-contemplated
mode of carrying out the invention. This description 1s made
for the purpose of illustrating the general principles of the
invention and should not be taken in a limiting sense. The
scope of the ivention 1s best determined by reference to the
appended claims.

FIG. 1 1s a schematic diagram of an exemplary embodi-
ment of an input output device. The input output device 10
transmits data signal Sd provided by a core circuit 20 to a pad
30 or transmits the signal from the pad 30 to the core circuit
20. In this embodiment, the input output device 10 comprises
an output cell 11, an input cell 12, and a pre-driver 13. The
pre-driver 13 activates or de-activates the output cell accord-
ing to a signal Sen.

When the output cell 11 1s activated, the pad 30 can receive
the data signal Sd provided from the core circuit 20. At this
time, 1f the data signal Sd 1s at a low level (such as 0V), the
level of the pad 30 approximately equals to that of supply
voltage GNDIO. If the data signal Sd 1s at a high level (such
as 3.3V), the level of the pad 30 approximately equals that of
supply voltage VDDIO. The supply voltage VDDIO may be
S5V, 3.3V, or 1.8V. The supply voltage GNDIO may be OV.

When the output cell 11 1s de-activated, the core circuit 20
utilizes the input cell 12 to recerve the signal from the pad 30.
At this time, 1f the pad 30 1s at the low level, the signal
received by the core circuit 20 approximately equals to a
grounding voltage GND. If the pad 30 1s at the high level, the
signal recerved by the core circuit 20 approximately equals to
an operation voltage VDD. The operation voltage VDD may
be 3.3V. The grounding voltage GND may be OV.

FIG. 2 1s a schematic diagram of an exemplary embodi-
ment ol an output cell. The output cell 11 comprises an output
stage 21 and a voltage level converter 22. The voltage level
converter 22 generates appropriate gate voltage to the output
stage 21 according to the supply voltage VDDIO. In this
embodiment, the voltage level converter 22 generates two
gate voltages (Vgl and Vg2). In other embodiment, the volt-
age level converter 22 generates a single gate voltage or at
least two gate voltages according to the structure of the output
stage 21.

FIG. 3A 1s a schematic diagram of an exemplary embodi-
ment of an output stage. The output stage 21 comprises tran-

sistors PM201 and NM202. The transistor PM201 comprises
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a gate recerving the gate voltage Vgl generated by the voltage
level converter 22, a source receiving the supply voltage
VDDIQO, a drain coupled to the pad 30, and a base recerving
the supply voltage VDDIO. The supply voltage VDDIO may
be 5V, 3.3V, or 1.8V. Because the voltage level converter 22
generates the appropriate gate voltage Vgl according to the
supply voltage VDDIO, the voltage difference between the
gate and the source of the transistor PM201 1s controlled.

For example, when the supply voltage VDDIO 1s increased
to 5V, the voltage level converter 22 increases the gate voltage
Vgl. When the supply voltage VDDIO 1s reduced to 3.3V or
1.8V, the voltage level converter 22 reduces the gate voltage
Vgl. Since the gate voltage Vgl 1s changed according to the
supply voltage VDDIO, the voltage difference between the
gate and the source of the transistor PM201 1s less than a
preset value. Thus, the gate oxide of the transistor PM201 1s
not damaged and the thickness of the gate oxide does not have
to be increased due to the voltage level converter 22.

As shown 1n FIG. 3A, the transistor NM202 comprises a
gatereceving gate voltage Vgd, a source recerving the supply
voltage GNDIQO, and a drain coupled to the pad 30. When the
transistor PM201 1s turned on, the voltage of the pad 30 equals
to the supply voltage VDDIO. When the transistor NM202 1s
turned on, the voltage of the pad 30 equals to the supply
voltage GNDIO. The supply voltage GNDIO 1s OV.

In this embodiment, the gate voltage Vg4 1s generated by
the pre-driver 13 for turning on or oif the transistor NM202.
When the core circuit 20 desires to receive a signal from the
pad 30, the pre-driver 13 turns oif the transistor NM202.
When the core circuit 20 desires to transmit at a low level to
the pad 30, the pre-driver 13 turns on the transistor NM202.

Additionally, stack P-type transistors and stack N-type
transistors constitute the output stage 21 to maintain gate
oxide reliability. FIG. 3B is a schematic diagram of another
exemplary embodiment of an output stage. FIG. 3B 1s similar
to FIG. 3A except for the addition of transistors PM202 and
NM201. The transistor PM202 connects to the transistor
NM201 1n series between the transistors PM201 and NM202.
The gate of the transistor PM202 receives the gate voltage
Vg2. The gate of the transistor NM201 receives the operation
voltage VDD. The-operation-voltage VDD approximately
equals to 3.3V.

The gate voltage Vg2 1s generated by the Voltage level
converter 22 for avoiding the higher voltage difference
between the gate and the source of the transistor PM202. In
this embodiment, when the supply voltage VDDIO 1s 5V,
cach of the gate voltages Vgl and Vg2 exceeds 1.635V, but 1s
not limited.

When the core circuit 20 desires to recerve signal from the
pad 30, the pre-driver 13 controls the voltage level converter
22 to generate the gate voltages Vgl and Vg2. Thus, the
transistors PM201 and PM202 are turned off due to the gate
voltages Vgl and Vg2. In this embodiment, when the gate
voltage Vgl equals to 5V and the gate voltage Vg2 exceeds
1.65V, the transistors PM201 and PM202 are turned off.

Additionally, the output cell 11 further comprises a gate-
tracking circuit 23 as shown as in FIG. 2, such that the tran-
sistor of the output stage 21 does not generate leakage current.
Referring to FIG. 3B, the gate-tracking circuit 23 1s a transis-
tor PM203. Since the gate-tracking circuit 23 1s coupled
between the gate and the drain of the transistor PM202, leak-
age current 1s not generated in the transistor PM202.

For example, when the pad 30 receives higher voltage
(such as 5V), the transistor PM203 1s turned on. Since the gate
voltage and the drain voltage of the transistor PM202 are 5V,
the transistor PM202 1s turned off. Thus, leakage current 1s
not generated in the transistor PM202. When the pad 30
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4

receives lower voltage (such as 3.3V, 1.8V, or 0V), the tran-
sistor PM203 1s turned off. At this time, the gate voltage Vg2
1s determined by the voltage level converter 22.

Each of the transistors PM202 and PM203 recerves voltage
V(2 such that the PN junction of the transistor PM202 or
PM203 1s turned off for avoiding leakage current. In this
embodiment, the voltage VC2 1s generated by a floating well
circuit 24 shown as 1n FIG. 2. In other embodiments, the
floating well circuit 24 1s omatted.

FIG. 4 1s a schematic diagram of an exemplary embodi-
ment of a floating well circuit. When the voltage of the pad 30
1s SV and the supply voltage VDDIO 1s 5V, 3.3V, or 1.8V, the
voltage VC2 equals to 5V. Since the voltage Vg5 equalsto 5V,
the transistors PM212 and PM214 are turned off and the
transistor NM216 1s turned of. Thus, the voltage VC2 1s close
to the supply voltage VDDIO. Similarly, when the voltage of
the pad 30 1s 1.8V and the supply voltage VDDIO equals to
SV or 3V, the voltage VC2 1s close to the supply voltage
VDDIO. At this time, all transistors of the floating well circuit
24 are turned oif such that a body effect does not occur 1n the
transistor PM202. Additionally, when the supply voltage
VDDIO 1s 1.8V, since the base voltage of the transistor
PM202 1s 1.8V, the output driving function of the stack P-type
transistor 1s increased and the transmission speed of the stack
P-type transistor 1s also increased.

FIG. 5 1s a schematic diagram of an exemplary embodi-
ment of a voltage level converter. The voltage level converter
22 provides appropriate gate voltages Vgl and Vg2 to the
transistors PM201 and PM202 of the output stage 21. Thus,
the gate oxide reliability of the transistors PM201 and PM202
are maintained.

I1 the core circuit 20 desires to transmit the data signal Sd
to the pad 30, the signal Sen 1s at the low level. Thus, the
voltage VC1 1s determined according to the output signal
from the inverter inv204. When the supply voltage VDDIO 1s
SV, the input signal from the inverter inv204 1s approximately
3.3V due to the transistors PM210 and NM214. At this time,
the voltage VC1 1s approximately OV. Thus, the transistor
NM205 1s turned off. Since the signal Sen 1s 0V, the transistor
PM205 is turned on. If the size of the transistors PM204,
NM204, and PM205 are the same, the voltage Vol 1s approxi-
mately 1.67V (5V/3). Since the output voltage Vo2 1s approxi-
mately OV, the transistors NM208 and NM209 are turned off.

At this time, 1f the data signal Sd 1s at the low level, the
voltage Vo4 1s set at the low level. Since the transistor NM212
1s turned off and the transistor NM213 1s turned on, the
voltage Vo3 1s discharged via the transistor PM209.

I1 the threshold voltage of the transistor PM209 1s approxi-
mately -0.8V, the voltage Vo3 i1s approximately 2.47V
(1.67V+0.8V). When the supply voltage VDDIO 1s 5V, the
gate voltage Vgl approximately equals to the supply voltage
VDDIO. Thus, the gate voltage Vg1 1s 5V and the gate voltage
Vg2i1s 1.67V.

Reterring to FIG. 3B, when the gate voltage Vgl 1s 5V, the
gate voltage Vg2 1s 1.67V, and the gate voltage Vgd 1s 3.3V,
the pad 30 1s at the low level. In other words, the data signal Sd
provided by the core circuit 20 1s transmitted to the pad 30.
Furthermore, the output stage 21 recerves the appropriate gate
voltages Vgl and Vg2 such that the gate oxide reliability 1s
maintained.

If the data signal Sd 1s at the high level (such as 3.3V), the
gate voltage Vgl 1s approximately 2.47V. At this time, the
gate voltage Vgd 1s set to OV, Thus, the pad 30 1s at the high
level. When the supply voltage VDDIO 1s 3.3V or 1.8V, the
transistor PM210 1s turned off. Thus, the voltage VC1 15 3.3V,
Then, the voltage Vol and the gate voltage Vg2 are approxi-
mately OV. At this time, the voltage Vo2 1s 3.3V. Furthermore,
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since the transistors NM206 and NM208 are turned on, the
gate voltage Vgl approximately equals to OV. When the gate
voltages Vgl and Vg2 are OV, 11 the supply voltage VDDIO 1s
1.8V, the stack P-type transistors (such as PM201 and
PM202) of the output stage 21 are turned on. If the data signal
Sd 15 at the low level, the gate voltage Vgl approximately
equals to the supply voltage VDDIO. At this time, the pad 30
1s at the low level.

Additionally, the transistor NM203 blocks the higher gate
voltage Vg2, such as 5V. The voltages Vod and Vo5 received
by the voltage level converter 22 are generated by the pre-
driver 13.

FIG. 6 1s a schematic diagram of an exemplary: embodi-
ment of a pre-driver. In this embodiment, the pre-driver 13
:comprises iverters 1nv201, inv202, an AND gate and201,
and an NOR gate nor201, but 1s not limited. When the core
circuit 12 desires to transmit the data signal Sd to the pad 30,
the pre-driver 13 controls the voltage level converter 22 to
generate the appropriate gate voltage according to the supply
voltage VDDIO. If the structure of the output stage 21 1s
shown as in FIG. 3A, the voltage level converter 22 only
generates a single gate voltage, such as Vgl. It the structure of
the output stage 21 1s shown as 1 FIG. 3B, the voltage level
converter 22 generates two gate voltage, such as Vgl and
Vg2. Thus, the gate oxide reliability of the output stage 21 1s
maintained.

When the core circuit 20 desires to receive the signal from
the pad 30, the pre-driver 13 de-activates the transistors of the
output stage 21. Thus, the input cell 12 shown as 1n FIG. 1
transmits the signal from the pad 30 to the core circuit 20.

FIG. 7 1s a schematic diagram of an exemplary embodi-
ment of an mput cell. The input cell 12 comprises a pull unit
121 and a transistor NM302. The pull unit 121 1s coupled to a
node 124 and recerves an operation voltage VDD. When the
transistor NM302 1s turned off, the pull unit 121 sets the
voltage of the node 124 to equal to !the operation voltage
VDD. In this embodiment, the pull unit 121 is a P-type tran-
sistor PM301. The transistor PM301 comprises a gate recerv-
ing a grounding voltage GND, a source recerving the opera-
tion voltage VDD, and a drain coupled to the node 124. The
operation voltage VDD may be 3.3V. The grounding voltage
GND may be 0V,

In one embodiment, the gate of the transistor NM302 1s
directly coupled to the pad 30, the source thereof receives the
grounding voltage GND, and the drain thereof 1s coupled to
the node 124. When the transistor NM302 1s turned on, the
voltage of the node 124 approximately equals to the ground-
ing voltage GND. In this embodiment, the gate of the transis-
tor NM302 1s coupled to the pad 30 via a high voltage block
122. The high voltage block 122 controls the voltage differ-
ence between the gate and the source of the transistor NM302.
As shown 1n FIG. 7, the high voltage block 122 1s a transistor
NM301. The transistor NM301 comprises a gate recerving,
the operation voltage VDD, a source coupled to the gate of the
transistor NM302, and a drain coupled to the node 124.

Additionally, the output cell 120 further comprises an
inverter 123. The mverter 123 1s coupled between the node
124 and the core circuit 20 for inversing the level of the node
124. In other embodiments, the inverter 123 1s omitted. Thus,
the level of the node 124 can be directly transmitted to the
core circuit 20.

While the invention has been described by way of example
and 1n terms of the preferred embodiments, 1t 1s to be under-
stood that the invention 1s not limited to the disclosed embodi-
ments. To the contrary, 1t 1s mtended to cover various modi-
fications and similar arrangements (as would be apparent to
those skilled in the art). Theretfore, the scope of the appended
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6

claims should be accorded the broadest interpretation so as to
encompass all such modifications and similar arrangements.

What 1s claimed 1s:

1. An mput cell coupled to a pad, comprising:

an output stage comprising a first transistor and a second
transistor, wherein the first transistor connects to the
second transistor 1n serial between a first supply voltage
and a second supply voltage, wherein the output stage
further comprises a third transistor coupled between the
first and the second transistors and coupled to the pad;

a voltage level converter generating a first gate voltage to
the first transistor according to the first supply voltage
and a data signal, wherein when the first supply voltage
1s increased, the first gate voltage 1s increased and when
the data signal 1s at a high level, the first transistor 1s
turned on; and

a floating well circuit controlling the base voltage of the
third transistor.

2. The input cell as claimed 1n claim 1, wherein the voltage
of the pad equals to the first supply voltage when the first
transistor 1s turned on and the voltage of the pad equals to the
second supply voltage when the second transistor i1s turned
on.

3. The mput cell as claimed 1n claim 1, further comprising,
a gate-tracking circuit, wherein the gate-tracking circuit con-
trols the gate voltage of the third transistor to equal to the
voltage of the pad when the voltage of the pad exceeds a
preset value.

4. The mput cell as claimed 1n claim 3, wherein the gate-
tracking circuit 1s a fourth transistor and when the voltage of
the pad exceeds the preset value, the fourth transistor 1s turned
on.

5. The input cell as claimed 1n claim 4, wherein the floating,
well circuit controls the base voltage of the fourth transistor.

6. An output cell coupled between a pad and a core circuit,
comprising;

a pull unit coupled to a node and receiving an operation
voltage, wherein the pull unit 1s a P-type transistor and
the P-type transistor comprises a gate receiving the
grounding voltage, a source recerving the operation volt-
age, and a drain coupled to the node;

a first N-type transistor comprising a gate coupled to the
pad, a source receiving a grounding voltage, and a drain
coupled to the node; and

a high-voltage block coupled between the pad and the first
N-type transistor for controlling the voltage difference
between the gate and the source of the first N-type tran-
sistor, wherein the high-voltage block 1s a second N-type
transistor, the second N-type transistor comprises a gate
receiving the operation voltage, a source coupled to the
gate of the first N-type transistor, and a drain coupled to
the pad.

7. The output cell as claimed 1n claim 6, further comprising,
an mverter coupled between the node and the core circuit for
inverting the level of the node.

8. An 1put output device coupled between a core circuit
and a pad, comprising:

an output cell comprising;:
an output stage comprising a first transistor and a second

transistor, wherein the first transistor connects to the
second transistor in serial between a first supply volt-
age and a second supply voltage, wherein the output
stage further comprises a third transistor coupled
between the first and the second transistors and
coupled to the pad, and wherein the output cell further
comprises a floating well circuit controlling the base
voltage of the third transistor; and
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a voltage level converter generating a first gate voltage to
the first transistor according to the first supply voltage

and a data signal, wherein when the first supply volt-
age 1s increased, the first gate voltage 1s increased and
when the data signal 1s at a high level, the first tran-
sistor 1s turned on; and

an 1put cell comprising:

a pull unit coupled to a node and receiving an operation
voltage; and

a first N-type transistor comprising a gate coupled to the
pad, a source receiving a grounding voltage, and a
drain coupled to the node; and

a pre-driver turning oif the first and the second transis-
tors.

9. The 1mput output device as claimed 1n claim 8, wherein
the voltage of the pad enters the input cell when the first and
the second transistors are turned oif and the output cell trans-
mits the first or the second voltage to the pad when each of the
first and the second transistors 1s turned on.

10. The input output device as claimed 1n claim 8, wherein
the voltage of the pad equals to the first supply voltage when
the first supply transistor 1s turned on and the voltage of the
pad equals to the second supply voltage when the second
transistor 1s turned on.

11. The input output device as claimed 1n claim 8, wherein
the output cell turther comprises a gate-tracking circuit, and
the gate-tracking circuit controls the gate voltage of the third
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transistor to equal to the voltage of the pad when the voltage
of the pad exceeds a preset value.

12. The input output device as claimed in claim 11, wherein
the gate-tracking circuit 1s a fourth transistor and when the
voltage of the pad exceeds the preset value, the fourth tran-
sistor 1s turned on.

13. The input output device as claimed 1n claim 12, wherein
the floating well circuit controls the base voltage of the fourth
transistor.

14. The input output device as claimed in claim 8, wherein
the pull unit 1s a P-type transistor and the P-type transistor
comprises a gate receiving the grounding voltage, a source
receiving the operation voltage, and a drain coupled to the
node.

15. The input output device as claimed in claim 14, wherein
the input cell further comprises:

a high-voltage block coupled between the pad and the first
N-type transistor for controlling the voltage difference
between the gate and the source of the first N-type tran-
sistor; and

an mverter coupled between the node and the core circuit
for inverting the level of the node.

16. The input output device as claimed 1in claim 135, wherein
the high-voltage block 1s a second N-type transistor, the sec-
ond N-type transistor comprises a gate recerving the opera-
tion voltage, a source coupled to the gate of the first N-type
transistor, and a drain coupled to the pad.
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